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nucleosomes decreased (presumably
by Swi/Snf), although eviction was less
complete and induction occurred more
slowly as nucleosome affinity
increased. These data suggest that the
wild-type GAL1/10 promoter has likely
evolved a promoter sequence with low
nucleosome occupancy to allow for
rapid eviction upon galactose
induction (Figure 1B,C).
These studies raise important
questions that will keep the chromatin
field busy: how accurate are
nucleosome occupancies derived
from a single MNase digestion with
no naked genomic DNA control?
Do such artifacts change our current
understanding of genome-wide
nucleosome-depleted regions and
whether nucleosome position is
encoded in the DNA? How many other
regulatory nucleosomes remain
undiscovered because of our
presumption that all nucleosomes
protectw150 bp of DNA? How does
partial nucleosome occupancy keep
wild-type GAL1/10 transcription low?
Is there a correlation in positioning and
occupancy between adjacent
nucleosomes at postions -1, -2, and -3?
If this nucleosome depletion is a result
of histone turnover, what is the on/off
rate? Lastly, how does cell-to-cell
variability in nucleosome configuration
affect the noise in gene expression
levels and dynamics? If we take our cue
from Ptashne and co-workers,population-level and genome-wide
assays may not be the best approach.
Rather, biological insight will come
from low-throughput approaches that
measure nucleosome occupancy and
gene expression of model genes in
single cells [13,14].References
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*E-mail: nicolas.buchler@duke.eduDOI: 10.1016/j.cub.2011.01.060Animal Navigation: Longitude at LastNewly hatched sea turtles exposed to artificially generatedmagnetic fieldswith
parameters characteristic of two sites 3700 km apart, differing only in
longitude, can distinguish the two apparent locations and orient appropriately.James L. Gould
Humans establish their global position
by separately determining latitude and
longitude. The east–west parameter
(longitude) is notoriously difficult to
measure accurately, depending as it
does on knowing the time with nearly
impossible exactitude. While the global
position systems (GPSs) of animals
manage to ignore time [1], longitude
looks at first glance to be nearly as
impossible for them too [2]. As reported
in this issue of Current Biology [3],however, new tests with sea turtles
demonstrate that these creatures act
as if they know their longitude, and
infer this parameter on the basis of
magnetic intensity and inclination.
A map sense is not necessary for
many traveling creatures. For instance,
some migrating animals simply fly
a fixed compass vector (or a dogleg
series of vectors); this is typical ofmany
birds during their first autumn trip
south. Some migrants and homing
species depend instead on piloting,
using their memory of landmarksobserved during a previous journey to
place themselves; many group-flying
diurnal migrants such as geese use
this approach. Other homing
animals — most famously homing
pigeons younger than 12 weeks — rely
on inertial navigation, using cues
monitored on the outward trip to
judge the return bearing and distance
back to the loft [4].
Most interesting of all, however,
are the creatures capable of true
navigation, who act as though they
know their current position based on
real-time cues. For example, members
of at least some nocturnally migrating
species can be captured en route to
their breeding or wintering grounds and
then displaced hundreds or thousands
of kilometers to novel locations in
apparent sensory isolation. When
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their previous flight bearing and depart
in the new direction of their goal [5,6].
The same seems to be true of older
homing pigeons as well: only cues
available at the departure site are
necessary to them.
True navigation like this requires
a map to establish position relative to
the goal and thus allow organisms to
deduce the target’s bearing; the animal
then uses a compass to take up that
heading. The map could be radial,
using local cues to supply direction and
(perhaps) distance, or it could be
bicoordinate. The olfactory-map
hypothesis is the only radial theory
in play: it supposes that odors
experienced at the loft in the wind from
various directions supply the essential
cues for true navigation [7], but the
evidence for this is equivocal at best
[8,9]. The only serious bicoordinate
hypothesis invokes magnetic
parameters as the key elements— total
intensity, inclination, and the slope and
direction of the gradient of these two
parameters [10–13]. Observations on
homing pigeons provide strong but
indirect support for their having
a magnetic GPS [9,10]. The best
direct evidence comes from newts,
spiny lobsters, and sea turtles.
Despite the efforts of researchers
to prevent it, the biggest worry in
displacement tests of migrants and
homers is that they are monitoring and
using cues taken in en route to the
release site. Only within the last decade
has this problem been finessed. For
instance, Phillips and colleagues [14]
moved newts from their natal pond to
a lab just 42 km away SSE. The animals
were tested in coils which created
a different, precisely controlled
magnetic inclination. When subjected
to magnetic parameters found 200 km
roughly north or south (thus
overwhelming the actual movement to
the lab), the newts oriented back to the
apparent position of their home pond.
This test neatly removes any inertial
cues from the picture, and also allowed
the researchers to infer that the
sensitivity of the inclination receptor is
in the range 0.02–0.17 (2–18 km), and
probably near the low end of this range
if homing pigeon data are relevant [15].
Boles and Lohmann [16] did much the
same thing with spiny lobsters,
showing that after a physical
redeployment of 14 km ENE to the lab
they were well oriented with
a simulated magnetic displacement of400 km directly north or south. In their
tests, both intensity and inclination
were altered to create a realistic pair
of coordinates.
Each of these tests, however,
involved apparent movements
primarily in latitude, the coordinate
humans (and, we suppose, animals)
find easy to measure. And indeed, both
of the simple magnetic parameters
(intensity and inclination) vary mainly
from south to north (though at an
oblique angle to each other in most
places), which ought to present
difficulties in judging longitude. To be
sure, the axes of the gradients of field
strength and inclination form a less
oblique angle with latitude, but using
gradients requires learning about
regional patterns over as wide an area
as possible. A skeptic could reasonably
believe that the latitudinal cue is
magnetic, but that determining
east-west position depends on magic.
The lobsters might easily ignore one
or the other of the static parameters
and still be able to judge north-south
displacement.
Lohmann’s group also works with
loggerhead sea turtles. The tiny (5 cm)
young hatch under the sand on tropical
and semitropical beaches around the
world. Those born in or around the
North Atlantic struggle into the water
and swim weakly toward the gyre that
encloses the Sargasso Sea. They
remain in the gyre, taking refuge in the
floating mats of Sargassum kelp, until
they are about 50 cm long (at perhaps
three years of age), after which they exit
the current and feed along the coasts
for the next several decades. At sexual
maturity they begin returning to their
natal beaches to reproduce: a clear
case of homing. Strong-swimming
older turtles will also home accurately
after movement from their preferred
feeding areas, including precise,
337 km simulated latitudinal magnetic
displacements, both north and south
[17]. Again, the researchers varied both
intensity and inclination in the process,
but the resolution of the subsequent
data cannot tell us whether one or both
parameters were being used.
Hatchlings in the gyre face a different
problem: they are not homing. Instead,
the newborns are struggling to avoid
being caught in one of the gyre’s
many spinoffs, the best-known of
which is the branch of the Gulf Stream
that travels NE toward the UK and
northern Europe. Getting caught in one
of these centrifugal currents meansa cold-water or Sargassum-free
oblivion. A series of simulated
magnetic displacements using
hatchlings (tested adjacent to the
Florida beach where they emerged just
a few hours earlier) have revealed their
strategy: play it safe and paddle into
the gyre [18–20]. At the turning places
where currents wander off (near the
European, African, and American
coasts, plus the matrix of Caribbean
islands) the centripetal bias is about
60–90; along the less dangerous
east–west reaches of the flow, the
angle is lower. This means, then, that
turtles being swept north off Florida
(or, at least, exposed to the equivalent
magnetic conditions in a still-water
testing tank) struggle to head east well
in advance of the point at which
branches peel off unpredictably to the
north or NE; those (apparently) offshore
of North Africa paddle frantically west,
in some sense anticipating the danger
of the Guinea Current threatening to
carry them out and to the south.
Because these are naı¨ve hatchlings,
there is no chance they could be
using secondary (gradient-based)
magnetic parameters.
So, at least some animals use
magnetic cues to fix their location. They
seem to know their latitude with some
precision. They can use both intensity
and inclination; when one is held
constant and the other changed, the
orientation is affected in predictable
ways. Both cues, however, are more
strongly correlated to latitude than
longitude. The final piece of the puzzle
is to show that virtual displacements
in longitude, despite the more
challenging circumstances, are
detected by the animals and generate
the expected reorientation. This is
precisely what Putman et al. [3] have
now done: two groups of hatchlings
were subjected to magnetic cues
characteristic of 20 latitude but at
apparent longitudes separated by 35
(3700 km). The newborn turtles took up
sensible orientations: those seemingly
slightly east of Puerto Rico (in danger of
being carried into the Gulf of Mexico)
swam NE into the gyre; those sensing
that they were at the same latitude but
slightly NW of the Cape Verde Islands
(having just escaped the risk of being
swept south by the Guinea Current)
swam instead WSW. Clearly the turtles
can distinguish longitude, and respond
accordingly.
Keep inmind, however, that this is not
homing: there is no single target in the
Dispatch
R227Sargasso Sea for hatchling turtles, so
the adaptive responses of hatchlings
donot necessarily require aglobalmap;
a list of intensity–inclination pairs and
the appropriate heading for each would
be sufficient. For older turtles with their
ability to home accurately, however,
this would seem to have matured into
a conventional map based onmagnetic
cues. It would be wonderful to know for
sure that newts, lobsters, and older
turtles can home accurately after
virtual displacements of longitude
only. The other challenge for the future
is to learn whether homers and
migrators in fact use gradients, and
to discover how the magnetic cues
are processed to create this illusion
of magic.
References
1. Schmidt-Koenig, K. (1979). Avian Orientation
and Navigation (New York: Academic Press).
2. Gould, J.L. (2008). Animal navigation:
the longitude problem. Curr. Biol. 18,
R214–R216.
3. Putnam, N.F., Endres, C.S., Lohmann, C.M.F.,
and Lohmann, K.J. (2011). Longitudeperception and bicoordinate magnetic maps
in sea turtles. Curr. Biol. 21, 463–466.
4. Wiltschko, R., and Wiltschko, W. (1985). Pigeon
homing: change in navigational strategy during
ontogeny. Anim. Behav. 33, 583–590.
5. Chernetsov, N., Kishkinev, D., and
Mouritsen, H. (2008). A long-distance avian
migrant compensates for longitudinal
displacement during spring migration. Curr.
Biol. 18, 188–190.
6. Thorup, K., Bisson, I.A., Bowlin, M.S.,
Holland, R.A., Wingfield, J.C., Ramenofsky, M.,
and Wikelski, M. (2007). Evidence for
a navigational map stretching across the
continental U.S. in a migratory songbird. Proc.
Natl. Acad. Sci. USA 104, 18115–181159.
7. Wallraff, H. (2005). Animal Navigation: Pigeon
Homing as a Paradigm (Berlin: Springer Verlag).
8. Jorge, P.E., Marques, A.E., and Philips, J.B.
(2009). Activational rather than navigational
effects of odors on pigeon homing. Curr. Biol.
19, 650–654.
9. Gould, J.L., and Gould, C.G. (2011, in press).
Animal Navigation. (Princeton: Princeton
University Press).
10. Gould, J.L. (1980). The case for magnetic
sensitivity in birds and bees (such as it is). Am.
Sci. 68, 256–267.
11. Gould, J.L. (1980). The map sense of pigeons.
Nature 296, 205–211.
12. Freake, M.J., Muheim, R., and Phillips, J.B.
(2006). Magnetic maps in animals: a theory
comes of age? Q. Rev. Biol. 81, 327–347.
13. Lohmann, K.J., Lohmann, C.M.F., and
Putman, N.F. (2007). Magnetic maps in animals:
nature’s GPS. J. Exp. Biol. 210, 3697–3705.14. Phillips, J.B., Freake, M.J., Fischer, J.H., and
Borland, S.C. (2002). Behavioral titration of
a magnetic map coordinate. J. Comp. Physiol.
A 188, 157–160.
15. Schmidt-Koenig, K., and Walcott, C. (1978).
Tracks of pigeons homing with frosted lenses.
Anim. Behav. 26, 480–486.
16. Boles, L.C., and Lohmann, K.J. (2003). True
navigation and magnetic maps in spiny
lobsters. Nature 421, 60–63.
17. Lohmann, K.J., and Lohmann, C.M.F. (1996).
Detection of magnetic field intensity by sea
turtles. Nature 380, 59–61.
18. Lohmann, K.J., and Lohmann, C.M.F. (1994).
Detection of magnetic inclination angle by sea
turtles: A possible mechanism for determining
latitude. J. Exp. Biol. 194, 23–32.
19. Lohmann, K.J., Cain, S.D., Dodge, S.A., and
Lohmann, C.M.F. (2001). Regional magnetic
fields as navigational markers for sea turtles.
Science 294, 364–366.
20. Lohmann, K.J., Lohmann, C.M.F., Ehrhart, L.M.,
Bagley, D.A., and Swing, K. (2004).
Geomagnetic map used in sea turtle navigation.
Nature 428, 909.
Department of Ecology and Evolutionary
Biology, Princeton University, Princeton,
NJ 08544-1003, USA.
E-mail: gould@princeton.eduDOI: 10.1016/j.cub.2011.01.063Autophagy: Regulation by Energy
SensingAutophagy is inhibited by the mTOR signaling pathway, which is stimulated by
increased amino acid levels. When cellular energy production is compromised,
AMP-activated protein kinase is activated, mTOR is inhibited and autophagy is
stimulated. Two recent studies have shed light on themolecular mechanism by
which AMPK controls autophagic flux.Alfred J. Meijer1,*
and Patrice Codogno2
Autophagy is responsible for the
turnover of long-lived proteins and
organelles that are either damaged
(e.g. mitochondria) or functionally
redundant and is crucial for the
maintenance of cellular homeostasis in
all eukaryotic cells. The primary role of
autophagy is to protect cells against
stress. For example, during starvation,
when nutrients fall short, autophagy is
activated in order to produce
oxidizable substrates and other
compounds (e.g. amino acids) that are
essential for cell survival. Deregulation
of autophagy is involved in aging and in
many pathologies such as
neurodegeneration, cancer,
cardiomyopathy, liver disease,
gastrointestinal disorders, and
diabetes [1,2]. Two recent studies,published in Science [3] and in Nature
Cell Biology [4], have provided insight
into the mechanism by which
autophagy is stimulated when cellular
energy production declines.
During autophagy, part of the
cytoplasm containing thematerial to be
degraded becomes surrounded by
a double membrane, resulting in the
formation of an autophagosome. The
outer autophagosomal membrane then
fuses with a lysosome, the inner
autophagosomal membrane vesicle is
released into the lysosomal interior and
this vesicle with its sequestered
macromolecular material becomes
degraded. The degradation products
are returned to the cytosol for
reutilization in metabolism, completing
the autophagic process. The formation
of the autophagosome, a process in
which at least 18 different Atg
(autophagy-related) proteinsparticipate, is the rate-controlling step
in autophagy. Among these proteins
are the protein kinases Unc-51-like
kinases 1 or 2 (Ulk1 or Ulk2,
respectively — the mammalian
homologs of the yeast Atg1),
components of a multi-protein
complex that also contains Atg13,
Atg101 and FIP200 and which is
involved in the initiation of
autophagosome formation [2].
Autophagy is tightly controlled by the
mammalian target of rapamycin
(mTOR)-dependent signal transduction
pathway, which responds to growth
factors and changes in amino acid
levels [1] (Figure 1). Amino acids inhibit
autophagy by activating the protein
kinase mTOR within the mTORC1
complex. The molecular target of
mTOR in the autophagic machinery is
Ulk1, which becomes inhibited by
mTOR-mediated phosphorylation,
although the exact phosphorylation
sites had not been described [2,5–7].
Amino acids signal to mTOR through
the Rag proteins in the mTORC1
complex [8,9], while insulin activates
mTOR through the G protein Rheb,
which is also part of this complex [10]
(Figure 1). Inhibition of mTOR by
amino-acid depletion or by treatment
with the mTOR inhibitor rapamycin
stimulates autophagy [1].
